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Summary

Since the successful development ang testing
of a radio-frequency quadrupole (RFQ) prototype at
Los Alamos, the use of RFQs as injectors to the
CERK linacs is being envisaged. As a pilot pro-
Ject, a 202.56-MHz RFQ for Linac | (Ula Linac) fis
being built in close collatoration between Los
Alanos anc CERN., We intend to complete this pro-
ject in about 15 months, a time scale imposed by
other CERN programs. The CERX RFG 15 basea cn the
Los Alamos proven design approach, bLut will have
to meet requirements of the existing CERN environ-
ment. The design characteristics of this acceler-
atur are describea, and some conclusions based on
model work at CERN are given.

Introduc®ion

The successful proof-cf-principle test of on
RFQ at Los Alamos,'-? announced at the 1980 Inter-
nationai Accelerator Conference, * wéi the trigger
for launching a collaboration between CiRN and Los
Alamos on this project. The aim of this joint
development effort 15 to cesign and build an RFG
as a preaccelerator for CERK'S Linac |, where it
has to fulfill the stringent requirements generally
imposea on an injector. ke nope that this project
can be taken as o moacl for an RFQ that can later
replace the 750-kV Cockcrort-kalton and the ‘Jw-
encrgy beam transport on Linac 1[. In general, it

RFQ

woula serve to refine ana to further test the va-
ligity of the design techniques, ana would provide
the CERN staff with insight that couloc be usefui
for future potential applications for the RFQ.

Description of The Project

The schematic layort cf the CEKN RFQ project
is shown in Fig. 1. A low voltage, 50 kV, has been
chosen fur the low-energy beam transport to sim-
plify the high-voltage installation. Two solenoids
suffice to focus a rotationally symmetrical bpeam
into the rotational'y symmetric transverse RFQ
acceptance.

The high-voltage beam transport is at 520 kev,
the injection energy of the CEKN Linac I. Tne con-
struction of the first Alvarez tank (separate vac-
uun vessei arounc the actual rf structure, ang no
Quadrupole in the first half-grift-tube) is an in-
convenient arrangement ror the RFQ, which norm:ally
shoul¢ be brought within a distance of a few centy-
meters of the rf structure. This heing Impossible,
4 52C-keV transport line, comprising throe quadru-
poles anc a buncher (or "matching cavity™), hac tn
be designed.

The rt power {8 fed directly into one of the
RFQ's intervane <paces. Movable bulk tuners n
all four quadrants insure the tuning. The vane
moculation has been computed anu they are being
ma.hined at Los Alamos.
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No steering elements are included in the setup.
The RFQ and the 520-keV beam transport will be
aligned on the Alvarez tank. The steering will be
achieved by mechanical adjustment of the source
and the 50-keV transport before mounting them on
the RFQ.

RFQ

The CERN RFQ has to be installed on an exist-
ing Alvarez linear accelerator; hence, some cor-
straints are put on the choice of parameters. The
RFQ should be designed for a 202.56-MHz frequency,
a 520-keV output energy, and an ~100-mA beam inten-
sity. Furthermore, the RFQ should give 2 high
ceoture efficiency, a limited emittance growth, and
reliable operation. The design, proposed by Los
Ala.os, follows the usual concept of dividging the
RFQ in sections; because of the relatively low
final energy, the last (accelerating) section has
been omitted, so that only the radial matching sec-
tion, the shaper, and the gentle buncher remain,

Precautions must be taken with respect to maxi-
mum eiectric fielas in the RFQ. To compute the
enhancement of the electric iield caused by vane
modulation, a special computer program has Leen
developed capable of treating three-dimensicnal
fiela problems., With the condition that Epax
< 1.75 times the Kilpatrick limit (~25.7 MV/m), the
parameters given in Table | have been established
for the CERN RFQ.

Beam Transport and Matching
reinjector an -keV Transport: A CEkN duo-
plasmation ion source, slightly modified, s used

with a 50-kV dc accelerating column. The three-
electrode column also provides some focusing and
scr~ening against bacastreaming electrons.

Because the besm is rotationally symmetrical
dt the column output, and should be so at the RFQ
input, quadrupole lenses were found to be inconven-
ient for thic region. The high beam intensity also
made the use of electrostatic lenses impractical;
finally, solenoids were chosen. The high fields
compelled one to treat 1iron saturation, in addi-
tion to aoecrration problems. A coapromise design

1 T, the effective length being ~10 cm. Figure 2
shows the beam evolution from the ion source to
the RFQ.

The 520-keV Transport: Three quadrupol2s and
o matching cavity are necessary to bring an accept-
able beam into the Alvaraz. In the Alvarez, the
first four quadrupoles complete the transverse
matching, so that the team is matched into the
linac's transverse acceptance from the fifth cell
onwards (see Fig. 3). Longitudinally, we cannot
avoid a slight mismatch; this mismatch probably
will nnt be too harmful. Furthermore, the rela-
tively large distances between the tanks of the
Linac 1 constitute other unavoidable sources of
longitudindl mismatch. For the moment, some beam
losses will be toleria*ed in Tank 1, beca.se the
required gradients for the first and third quaaru-
poles (73 and 60 T/m, respectively) are out of
reach of the present magnets.

The rf Aspects

Two models have been built for the experi-
mental study of the tuning process: a rough approx-
imately half-scale meck-up, and 3 one-to-one mocel
of high precision and rigidity (Fig. 4A), Tests
have been done on the latter, with a single unmodu-
lated vane isolated by a roof-shapec shielo at the
symmetry planes of the quadrupole moce (Fig. 4B).
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resulted in a pulsed solenoid with laminated-tiron Fig. 2. UBeam envelopes for 50-keV beam transport.
return yoke; the rentral field on anis approaches
TABLE |
CERN RFQ
Jon: proton _.L - ] [ ! ] I “—J—‘
Frequency: 202.56 Mz WiMev) .05G 0.050 0.075 0.520
Eg(MV/W) .0 24.9 24.9 24.Y
PARMTEQ RESULTS m .00 1.00 1.129 7.102
Tnput current: 100 m a(mm) 9.0 6.78 6.40 4,21
Output current: 89 mA ro(mm) 9.0 6.78 6.78 6.70
Input (90 ): 0.008 o5 (deg) - -90.0 ~73.] -30.0
Output (90 ): 0.20 Eo(MV/m) 0 0.50 ?.5h0
Input (re): 0.017 V?lv) 108 108 108 108
Output (mms): 0.043 4 5.8 5.4 5.9 5.5
L{cm) 3.1 63.7 130.27

d1ne cemittances are norcalfzed vaiues and are to be multiplica by « to obtain the ellipse area in

cm-mrad units.
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Fig. 4. Full-scale model a) with four vanes
mounted b) with single isolated vane.
Let 8], 62, and @ represent the axial mag-

netic flux (or interchangecably, a transverse clec-
tric fielu quantity) at Ends 1, 2, nd in the cen-
ter of the vane section. If the relative loading
of the two end cells is modified sc that the over-
311 resonant frequency remains constant, the linear
tilt (#)/67) can be sct to any arbitrary velue;

however, the nonlinear tewm [26g/(68) ¢ 62)-1)--that

1s, the relative field deviation from lincarity in
the migdle--remains essentially unchanged. Repeat-
fng the test at different frequencies, aend with
different enu-cell geometries, leads to curves such
as Fig. 5: the nonlinear term is zero only at a
particular frequency, which depends slightly on the
shape of the end cell.  Operating above this fre-
quency leads te increasingly convex lungitudinal
fivld distributions; operating below this frequency
leads to increasingly concave shapes,
This oehavior can be fintepreted 3as the come
b ned action of two effects.
e A solely vane-dependent part determines a
unigue frequency for the zero of the nonlinear
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Fig. 5. HMNonlinear term versus frequencly.

term, and 1ts slope, in this region. This
frequency is the cutoff, or zero-order fre-
quency of the vane geometry and may be calcu-
lated by codes such as "SUPERFISH.® The slope
reflects the structure's reaction to cetuning
and associated reactive-power transfer,

® A higher mode part accounts for differ2nces
in the field pattern of the {intervane space
and the end pleces. The higher modes, created
at the ends, tend to reinforce, o0 to cancel,
the already existing nonlinearity and cause
the observed frequency spread for vanishing
nonlinearities around the wunique cutoff
frequency.

The RFQ will be tuned as follows.

e The end ce'ls are permanently tuned by movable
or exchangeable frserts in a cutout at the
base of the vane ends. The distance of the
cavity endplate trom the vane tips is 10 to
15 am; at tnat distance, the influence on the
tuning is mi ‘mal.

¢ In the vane region, each quadrant contains
two bulk tuners (a total of 8) that are
adjustable dur'ng operatfon. Two ruws of five
diagnostic holes per guadrant, vacuem sealed
by glass tubes, will permt continuous moni-
toring.

The rf power will be fed directly, by a sin-
gle loop, into one quacrant; however, additional
flanges are provided to feed ecach quadrant, if
necessary, Despite its many attractive features,
the rf manifold has not been includea in the
design; the relativelr larqe outer diometer of the
cavity did not permit ~ sufficiently wide manifold
to be added, witnout denger of running into circum-
ferential mode problems.

Mecharical fngineering and vacuum

The RFO covity ana vanes are made of wild
steel, elecirolytically copper plated. Tne vanes
ar¢ supported at three paints faside the cavity,
$0 ‘hat they can be aligned without {ntroducing
deformations in either the covity wall or in the
vanes.

The whole assembly, from preinjector te the
matching cavity, {s mounted 2n a cummon ungerframe;
this frame s suppurted at three points by low-rate
flerible springs to remowe a large portion of the
bending moment from the exfvting Alvares tank or
which the RIQ structure must te ~igidly fined,



Cavity-vane connectiors, both electrical and
thermal, are made by using flexible copper strips
that are welded after vane assembly, before fina?
alignment and initial rf tuning. The whole struc-
ture is water cooled through tubes glued to both
main flanges of the cavity.

The nominal pressure throughout the system is
10-7 torr. The preinjector is equipped with two
turbomolecular pumps of 500 £/s, the cavity with
three ion pumps of 500 t/s, and one turbomolecular
pump for roughing. Aluminum seals are used on all
Joints except on the preinjector, where rubber
seals are used.

Status and Gutlook

The parameters have been frozen; some Compo-
nents have been ordered, and a few have been deliv-
ered. Beam measurements are evrected to begin
later this year: first using only the jon source
ano the 50-kV extraction, and later with the sole-
nuigs in place. We plan to have the beam measure-
ments ot the 520-keV level finished by May 1982,
$0 that tLhe beam can be obtained from Linac | by
Juiy 1982.

Because it may turn out that alpha beams are
requestes from Linac | for [SR operation, 1t is
imperative to allow for quick disassembly of the
RF( and ‘or reinstallation of the Cockcroft-Walton,
Later requests for alpha beams, or cother lignt
ions, may reqire another RFQ injector with 8 quick
changeover facility for aifferent particles.
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